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Renal immunopathology in murine host-versus-graft disease. BALB/c
mice neonatally injected with I x 108 (A/i x BALB/c)Fl hybrid spleen
cells develop polyclonal B cell activation and autoimmune features as a
consequence of a host-versus-graft (HVG) reaction. In this study, we
first analyzed the time-course development of the renal lesions in HVG
mice. From week 2 to week 6, linear deposits of IgG were observed by
immunofluorescence along the glomerular capillary walls. From week 8
to week 12, the immunofluorescence pattern of IgG changed from linear
to granular, and by immunoelectron microscopy, the lgG deposits were
located on the epithelial side of the glomerular basement membrane
(GBM). In addition, focal glomerulosclerosis complicated this membra-
nous glomerulopathy in about 50% of the 12-week-old HVG mice and
albuminuria was increased in most of them. Circulating antibodies to
antigens of the GBM (laminin, type IV collagen) and of the renal tubular
epithelial (RTE) cells (dipeptidyl peptidase IV, gp330) were already
detected at week 2 and were still present at week 12. Immunoglobulins
eluted from isolated glomeruli contained antibodies directed against
type IV collagen, laminin, and to a lesser degree against gp330. Fl
donor B cells were involved in the production of nephritogenic anti-
bodies as indicated by (a) the presence of A/i allotypic determinants on
serum anti-laminin antibodies and (b) the abrogation of the in vitro
production of anti-GBM, anti-laminin and anti-RTE antibodies when
spleen cells from HVG mice were depleted of Fl donor B cells. Finally,
mixed lymphocyte culture experiments established that T cells from
HVG mice stimulate normal B cells from Fl donor hybrids to produce
anti-GBM, anti-laminin, anti-type IV collagen, anti-RTE, anti-gp330
and anti-dipeptidyl peptidase IV antibodies. We conclude that mice
neonatally injected with semi-allogeneic spleen cells develop a glomer-
ulonephritis characterized by the transition from a linear to a granular
IF pattern, and that the production of nephritogenic antibodies results
from the activation of donor B cells by host helper T cells.
Polyclonal B cell activation (PBA) is commonly associated
with the development of glomerulonephritis, both in humans
and in animals [11. During the past few years, the crucial role of
helper T cells in the triggering of PBA has been demonstrated in
several experimental situations [2, 3]. However, the mecha-
nisms by which PBA leads to the formation of glomerular
immune deposits is still unclear because the specificities of the
nephritogenic antibodies produced by polyclonally-stimulated
B cells are largely unknown.
In the present study, we attempted to get an insight into the
pathogenesis of the glomerular lesions associated with PBA in
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mice undergoing host-versus-graft (HVG) disease. This model
is obtained by the injection of newborn BALB/c mice with
either (C57 BL/6 X BALB/c)Fl or (AIJ x BALB/c)Fl hybrid
spleen cells [4, 5]. Since the pioneering studies of Brent et al, it
is known that such neonatal cell transfer induces transplanta-
tion tolerance to the F! donor alloantigens [6]. Because of their
inability to reject the Fl cells injected at birth, tolerant mice are
chimeric, particularly in the B cell compartment [7—9]. Re-
cently, this chimerism was found to be associated with several
immunopathological features including: (a) production of anti-
DNA antibodies; (b) high serum levels of IgE and IgG1; and (c)
immune deposits in the skin, the choroid plexus and the kidney
[4, 91. The polyclonal production of immunoglobulins appeared
to result from activation of Fl donor B cells by a subset of host
helper T cells which have escaped tolerance induction. These
CD4+ cells are specific for donor class II MHC and produce
interleukin-4 [10, lii.
To investigate the relationship between the HVG reaction
and the development of glomerulonephritis, we first analyzed
the evolution of the glomerular lesions, with particular empha-
sis on the topography of the immune deposits. We then sought
for the involvement of various nephritogenic antibodies in the
nephropathy and for the cellular interactions leading to their
production.
Methods
Mice
Mice of the inbred strains A/J (H2k) and BALB/c (H2d) were
purchased from Olac (Bicester, England, UK), while (A/J X
BALB/c)F1 hybrids were bred at our own colony.
Experimental protocol
HVG disease was induced by intraperitoneal inoculation of 1
x 108 (A/J x BALB/c)Fl hybrid spleen cells in newborn
BALB/c mice (less than 24 hr after birth). Control animals were
untreated age-matched BALB/c mice or BALB/c mice neona-
tally injected with 1 x 108 syngeneic BALB/c spleen cells.
At 2, 4, 6, 8 and 12 weeks, mice were bled by retro-orbital
sinus puncture under ether anesthesia. Blood was left to clot at
37°C for 30 minutes, serum was separated by centrifugation at
1500 X g for 10 minutes and stored in aliquots at —20°C until
further analysis. Two days after bleeding, mice were placed in
metabolic cages for 24 hours with free access to water. Urine
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samples were collected and kept frozen (—20°C) until albumin-
uria determination. At each time point, a group of mice (N =6)
was killed for renal immunopathological studies.
Renal histology and immunopathology
Tissue for light microscopy was fixed in 8% buffered formalin
and embedded in paraplast. Sections cut 4-pm thick were
stained with hematoxylin-eosin, periodic acid-Schiff reagent
and silver methenamine.
For immunofluorescence (IF) studies, renal tissue was snap
frozen in CO2 ice-cooled isopentane. Two pm sections were
cut, air-dried, washed three times in phosphate-buffered saline
(PBS), fixed in an acetone-ethanol solution for five minutes and
in 100% ethanol for 10 minutes, followed by another wash in
PBS. To detect immunoglobulin deposits in renal tissue, direct
immunofluorescence was performed with fluorescein-conju-
gated mono-specific goat antisera directed against mouse IgG,
IgGI, IgG20, IgG2, 1gM, and complement factor C3 (Nordic
Immunology, Tilburg, The Netherlands). The sections were
incubated with the antisera for one hour at room temperature,
rinsed three times in PBS and mounted in buffered Dabco-
glycerol (pH 7.5). Sections were examined with a Leitz Diaplan
fluorescence microscope and were scored for IF intensity on a
scale graded from 0 to 4. Some sections were stained with a
biotinylated monoclonal anti-A/J allotype antibody [9] followed
by fluoresceinated streptavidin in order to detect deposits of
donor origin. In addition, indirect IF on sections of normal
mouse kidney was used to detect antibody activity against renal
antigens in the serum and kidney eluate of diseased mice.
For electron microscopy (EM), 1 mm3 pieces of tissue were
fixed in a mixture of 1% paraformaldehyde, 1.5% glutaralde-
hyde and 0.1 M cacodylate buffer, pH 7.4 at 4°C for three hours
and rinsed overnight in 0.1 M cacodylate buffer. Subsequently,
the pieces were postfixed in 1% 0s04, dehydrated and embed-
ded in Epon 812. Ultrathin sections were cut on an LKB III
Ultramicrotome. On the grids the sections were poststained
with uranyl acetate and Reynold's lead citrate and examined in
a Philips CM1O electron microscope, operating at 60 kV.
Immuno-EM microscopy was performed as follows: kidney
tissue was cut into small pieces of 1 mm3 and fixed by
immersion in 2% paraformaldehyde in phosphate buffer 0.1 M
pH 7.4 for two hours at 4°C, followed by immersion in 0.5 M
NH4C1 in 0.1 M phosphate buffer pH 7.3 for one hour. The
samples were dehydrated at room temperature in a graded
dimethylformamide series, infiltrated and embedded in Lowic-
ryl K4M (Polysciences, Warrington, Pennsylvania, USA). Poly-
merization by ultraviolet light of 350 nm was performed over-
night at 4°C. Ultrathin sections were cut and preincubated with
PBS-bovine serum albumin (BSA; Sigma Chemical Corpora-
tion, St. Louis, Missouri, USA) 1% for 10 minutes, and then
incubated with rabbit anti-mouse IgG (1/100) (Janssen Chemica,
Beerse, Belgium) in PBS-BSA 1% overnight. After washing,
sections were further incubated 10 minutes with PBS-BSA 1%
and then incubated with goat anti-rabbit antibodies labeled with
15 nm colloidal gold particles (Auroprobe, Janssen Chemica).
The sections were poststained with uranyl acetate and Rey-
nold's lead citrate and placed in a Philips CMIO electron
microscope.
Album inuria
Albuminuria was determined by rocket electrophoresis [121.
Rabbit anti-mouse albumin antibodies were produced with the
use of purified mouse serum albumin (Sigma), which also
served as standard for the rocket electrophoresis. Albuminuria
higher than the mean 2 SD of control values for each group
was considered abnormal.
Detection of autoantibodies and determination of
immuno globulin levels by ELISA
Sera were tested in duplicate for the presence of antibodies
directed against glomerular basement membrane (GBM), lami-
nm, type IV collagen, renal tubular epithelium (RTE), dipepti-
dyl peptidase (DPPIV), gp330 and DNA by solid-phase enzyme-
linked immunosorbent assay (ELISA). GBM was prepared
from isolated sonicated collagenase-digested glomeruli of
Brown Norway rats according to Bowman, Peters and Lock-
wood [13]. RTE was prepared from fresh BALB/c mouse
kidneys according to a method described elsewhere [14]. Lami-
nm was purchased from Sigma, type IV collagen was a gift from
Prof. J.-M. Foidart (University of Liege, Belgium), gp330 and
DPPIV were provided by Dr. E.H.G. van Leer (University of
Leiden, The Netherlands). These antigens were prepared and
characterized as previously described [14, 15]. All renal anti-
gens were coated at a concentration of 1 jg/wel1 in 96-well
microtiter plates (Flow Laboratories, Rickmansworth, En-
gland, UK). GBM and laminin were coated in 10 mrvi TRIS-
HCI, pH 7.4. Type IV collagen was coated in 10 m phosphate
buffer (pH 7.4) to which 0.3 M NaC1 had been added. RTE was
coated in 0.1 M carbonate buffer (pH 9.6), gp330 in PBS (pH 7.4)
and DPPIV in 50 m phosphate buffer (pH 5.0). The wells were
incubated with these preparations for one hour at 37°C and then
overnight at 4°C. After three washes with 0.05% Tween 20 in
phosphate-buffered saline (PBS-T), residual binding sites were
blocked by incubation for one hour at 37°C with 2% BSA in
PBS-T. The wells were washed again and incubated with
samples diluted in PBS-T 2% BSA. After incubation for one
hour at 37°C, unbound material was removed by three washes
with PBS-T. Goat anti-mouse IgG, IgG1, IgG2 or IgG2 perox-
idase conjugate (Nordic Immunology, Tilburg, The Nether-
lands) diluted 1/1000 in PBS-T 2% BSA was then added at 37°C
for one hour, followed by five washes. Finally, peroxydase
activity was revealed by H2O2 (Merck, Darmstadt, Germany)
and o-phenylene diamine (Sigma), and the reaction was stopped
by adding 2 M H2S04 before determination of optical density
(OD) at 492 nm (Titertek Multiscan MC, Flow Laboratories,
Rickmansworth, England, UK). To exclude non-specific bind-
ing to wells, ELISAs were also performed without coating of
antigens, except for BSA at the saturation step. Results were
expressed in OD after subtraction of background OD values
recorded in wells in which samples were omitted. In some
experiments, antibody activities against laminin were revealed
by biotinylated anti-A/J allotype monoclonal antibody.
Detection of anti-DNA antibodies was performed as de-
scribed previously [5]. Briefly, serial dilutions of samples were
incubated in polystyrene plates coated with SSDNA obtained
by heat denaturation of calf thymus DNA (Sigma). Bound
antibodies were revealed by alkaline phosphatase-conjugated
goat anti-mouse IgG antiserum (Sigma).
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Finally, some samples were also tested for anti-fluorescein
isothiocyanate (FITC) antibodies, as previously described [5].
The levels of IgG, IgG1, IgG2, 'g02b and IgE in kidney
eluates and corresponding serum samples were measured by
ELISA, as previously described [51. Briefly, polystyrene plates
were coated with specific goat antibodies directed against
mouse IgG, IgG2, IgG2 (Sigma), IgG1 (Amersham, Bucking-
hamshire, England, UK) or IgE (Miab, Uppsala, Sweden).
Appropriate dilutions of the samples were incubated in the
plates before the addition of biotinylated antiserum of the same
specificity as the one coated. A 1/750 dilution of preformed
streptavidin-peroxidase complexes (Amersham) was then
added, and the ELISA was completed by the addition of
o-phenylene diamine and recording of OD at 492 nm. OD values
were converted to immunoglobulin concentrations by extrapo-
lation from standard curves constructed with purified monoclo-
nal IgG, IgG2, IgG2, IgG1 and IgE antibodies of known
concentrations.
Glotnerular elution studies
Kidneys from 20 eight-week-old mice injected at birth with 1
x 108 Fl(A/J x BALB/c) spleen cells and from 20 control
BALB/c mice, respectively, were pooled and eluted as orig-
inally described by Gauthier and Mannik [16].
Animals were anesthetized before sacrifice with Nembutal.
The abdominal aorta was cannulated and infused with PBS; an
incision in the inferior vena cava below the renal veins provided
outflow. Ten ml of a solution of Fe304 (Merck) 1.25% in PBS
was then infused to obtain iron deposition within glomerular
capillaries. Kidneys were removed, decapsulated, snap frozen
in CO2 ice-cold isopentane and stored at —70°C until use. After
defrosting, renal tissue was passed through a 75 mesh metal
screen using a flattened glass pestle, washed with PBS and
collected in a metal beaker. The wash was allowed to settle for
20 minutes in siliconized conical 15 ml polystyrene centrifuge
tubes. The supernatant was removed and the pellet was washed
with PBS for 20 minutes. This procedure was repeated twice.
The tube was then placed immediately adjacent to a pole of a
powerful magnet (Eclipse Power Magnets Cat n814, Sheffield,
England, UK) for 20 seconds. The glomeruli were visible as
black specks on the inner wall of the tube. The tube wall was
washed with PBS after removal from the magnet field. These
manipulations were repeated three times. The glomeruli were
then centrifuged for 30 seconds at 2500 RPM. The antibodies
deposited in the isolated glomeruli were eluted by incubation
for two hours at room temperature with 0.02 M citrate buffer,
pH 3.2, supplemented with 0.1% NaN3, 0.5 mrt phenylmethyl-
sulfonyl fluoride (Sigma), 2 m benzamidine-HCI (Sigma), 50
mM e-amino n-caproic acid (Sigma), and 1% glycerol. After
centrifugation for 20 minutes at 3,500 RPM at 4°C, supernatants
were collected, their pH was adjusted at 7.4 with 1 M Tris-HCI
pH 8.0, and dialyzed against PBS pH 7.4 containing 1% glycerol
and 0.02% NaN3 overnight at 4°C. Finally, the resulting eluate
was concentrated by high pressure ultrafiltration in an Amicon
chamber using an XM 50 filter, and immunoglobulin levels and
antibody activities were determined as described above.
In vitro production of nephritogenic antibodies
Mixed lymphocyte cultures (MLC) were prepared as previ-
ously described [5]. Briefly, spleen cells of four-week-old HVG
or of appropriate controls were depleted of B cells by passage
over nylon wool columns [10]. As determined by flow cytome-
try, these preparations routinely contained less than 5% of B
cells and are hereafter referred to as purified T cells. A total of
106 purified T cells were cultured in triplicate in 0.2 ml medium
together with 5 x l0 naive (A/J x BALB/c)F1 T cell-depleted
spleen cells. These T cell-depleted preparations, obtained by
treating spleen cells with a monoclonal anti-Thy-l.2 antibody
(cell line HO-13-4) and baby rabbit complement (Cederlane
Laboratories, Ontario, Canada) routinely contained less than
1% of Thy-I-positive cells by fluorescence and are hereafter
referred to as B cells. In some experiments, B cells preparations
were treated with mitomycin C (40 g/ml for 30 mm) to abolish
their ability to secrete immunoglobulins. Culture medium was
RPMI 1640 supplemented with 5% heat-inactivated fetal calf
serum, 1% pyruvate, 1% glutamine, 1% non-essential amino
acids, penicillin, streptomycin and 5 x l0— M 2-mercaptoeth-
anol (complete medium). Cultures were set in 96-well flat-
bottomed microtiter plates and incubated at 37°C in 6% CO2 in
humidified air. After five days, culture supernatants were
harvested and assayed by ELISA for their content in 1gM
antibodies against GBM, RTE, laminin, type IV collagen, gp330
and DPPIV as described above. ELISAs were performed on a
1/2 dilution of culture supernatants and results were expressed
in OD.
In another set of experiments designed to evaluate the
involvement of donor spleen cells in the production of nephri-
togenic antibodies, we measured the spontaneous in vitro
secretion of anti-GBM, anti-RTE and anti-laminin antibodies
and anti-BSA activities by spleen cells of HVG mice. As
previously described [9], 5 x 10 spleen cells of four-week-old
chimeric mice were cultured in flat-bottomed microtiter plates
for 48 hours in complete medium. The supernatants were
concentrated in an Amicon with an XM5O filter and then tested
by ELISA, as described above. To deplete spleen cells of the
donor cells bearing A/J (H-2') MHC antigens, cell suspensions
were incubated prior the culture with monoclonal cytolytic
antiH2Kk antibodies (American Type Culture Collection) for
45 minutes at 4°C and then with baby rabbit complement
(Cederlane Laboratories). The efficiency of this procedure was
previously demonstrated [9].
Statistical analysis
Comparisons between groups were made by the Wilcoxon's
rank sum test.
Results
Glomerular pathology during HVG disease
By light microscopy, kidneys of two- to six-week-old HVG
mice showed only minimal mesangial expansion. After eight
weeks, about 50% of the animals displayed features of mem-
branous nephropathy, consisting of irregularities of the glomer-
ular basement membrane (GBM) with spikes projecting on its
epithelial side (Fig. la). In addition, one out of the six mice
tested showed influx of neutrophils and eosinophils in the
mesangium and capillary lumens. At week 12, the glomerulop-
athy was complicated in one half of the mice by focal and
segmental glomerulosclerosis which involved about 60% of the
glomeruli (Fig. Ib). In the sclerotic areas, accumulation of
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Fig. 1. Glomerular histologic patterns in murine HVG disease. A. Formation of spikes (arrows) (silver staining x 1,000). B. Segmental sclerosis
(silver staining x 200).
Fig. 2. Immunofluorescencefor !gG in kidneys of HVG mice. A. Week 4: IgG deposits are present in the mesangium and in a predominant linear
pattern along the glomerular capillary walls (x 400). B. Week 12: fine granular distribution of IgG along the capillary walls (X 400).
laminin, fibronectin and type IV collagen was identified by IF
(data not shown).
The IF studies of kidneys from two- to six-week-old mice
showed IgG in the mesangium and along the glomerular capil-
lary walls in a predominant linear pattern (Fig. 2a). 1gM and C3
were seen mainly in the mesangium. In addition discrete
binding of IgG to the basement membrane of the tubuli was also
observed. After six to eight weeks, the distribution of IgG along
the capillary walls had changed to a granular pattern (Fig. 2b).
The predominant isotype found within the deposits was IgG1.
1gM and C3 were also deposited along the capillary walls at this
stage of the disease but to a lesser degree than IgG. These
deposits were still present in 12-week-old mice. None of the 32
age-matched control mice showed similar deposits along the
capillary walls (Table 1).
The pathological changes in kidneys of HVG mice were
defined more accurately by EM. During the linear phase,
effacement of foot processes was found in some places and
immuno-EM studies showed decoration of the GBM with IgG
staining. After week 6, all animals displayed subepithelial small
electron-dense deposits, sometimes incorporated into the base-
ment membrane. They were separated from the lamina densa
by a thin, transparent line and associated with retraction of the
foot processes of the epithelial cells. There were outward
projections of lamina rara externa between the deposits corre-
sponding to the spikes seen by silver staining (Fig. 3a). In
9A1
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Table 1. Immunofluorescence findings in HVG mice
Immunofluorescence staining
IgG 1gM C3
MES CW TBM MES CW TBMMES CW TBM
Controls + 0 0 + 0 0 0 0 0
HVG mice
Week 2
4
6
8
12
++
++
+++
+++
+
++ L
+++L
++ L
++ G
+++G
+
+
+
+
+
++ + +
+++ + +
++++ + +
-i-+G +
+++ +
++
++
++
++
++
0
0
+
++G
++G
0
0
0
0
0
Abbreviations are: MES, mesangium; CW, capillary wall; TBM, tubular basement membrane; L, linear deposits; G, granular deposits.
Fig. 3. Ultrastructural findings in an 8-week-old HVG mice. A. Electron micrograph shows small subepithelial electron-dense deposits with spike
formation and retraction of foot processes (x 42,000). B. lgG molecules are seen throughout the GBM with a clear concentration in the electron
dense deposits. Immunogold staining with gold-labeled anti-mouse IgG antibodies (x 23,000).
addition, mesangial areas contained large electron-dense depos-
its, occasionally with fingerprint-like structures. By immuno-
EM, IgG was detected preferantially in deposits of both the
GBM and the mesangium (Fig. 3b).
To evaluate the functional consequences of these immuno-
pathological changes, sequential determinations of albuminuria
were performed. Increased albuminuria was detected in about
70% of the four-week-old animals. This abnormal albuminuria
persisted until the end of the observation period in about 50% of
HVG mice (Fig. 4).
Detection of autoantibodies directed against kidney
structures in serum of HVG mice
In preliminary experiments, we performed sequential mea-
surements of serum antibody activities against GBM and RTE.
As shown in Figure 5, increased serum levels of anti-GBM and
anti-RTE antibodies were already found in two-week-old HVG
mice, and persisted in most of the animals throughout the study
which was terminated on week 12. The difference between
0 0
0 0
1000 °
.s 0
C)
::
Time, weeks
Fig. 4. Albu,ninuria in the course of HVG disease. The open circles
represent values of individual HVG mice, determined by rocket dcc-
trophoresis. The hatched columns represent the mean + 2 SD of at least
8 age-matched controls.
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Fig. 5. Results of an ELISA study with purified GBM (A) and RTE (B)
showing the IgG reactivity of sera (diluted 1/100) from HVG mice at
various times (in weeks) after neonatal injection of Fl hybrid spleen
cells. The hatched area represents the mean + 2 su of 40 mice (2- to
12-weeks-old).
HVG and control mice was statistically significant at each time
point (P < 0.01, except at week 12 for anti-RTE antibody where
P < 0.05, and at week 8 for anti-GBM antibody where no
statistical signification was found).
To characterize the antigens recognized by the anti-GBM and
anti-RTE antibodies more accurately, serum samples of two-
week-old and 12-week-old mice were assayed by ELISA for
antibody activities against purified laminin, type IV collagen,
DPPIV and gp330. As control, the same samples were assayed
for anti-BSA activity. Results depicted in Figure 6 demonstrate
the presence of anti-laminin, anti-type IV collagen, anti-DPPIV
and anti-gp330 antibodies in sera of HVG mice, while anti-BSA
activity was only marginally increased at week 2 and virtually
absent at week 12.
Detection of nephritogenic antibodies in kidney eluates
The isotypic profile of immunoglobulins eluted from isolated
glomeruli of eight-week-old HVG mice confirmed the IF find-
ings, with a predominance of IgG1 (6.12 gIml) as compared
with IgG2 (1.24 sg/ml) and IgG2 (0.077 pg/ml) antibodies.
Only trace amounts of IgE (0.011 gIml) were detected in this
eluate. As far as the antibody activities of eluted Ig were
2 12 2 12 2 12 2 12 2 12
gp 330 DPP IV Laminin Collagen IV BSA
Time, weeks
Fig. 6. Detection by ELISA oflgG antibodies against renal antigens in
sera of 2-week-old and 12-week-old HVG and control mice. The open
circles represented individual OD values of HVG mice, while hatched
columns represented the mean + 2 SD of control age-matched animals.
Table 2. Antibody activities of immunoglobulins eluted from
glomeruli of HVG mice
Antibody activities Eluate Sera
Anti-laminin 0.740 0.145
Anti-collagen IV 1.250 0.243
Anti-fibronectin 0.116 0.033
Anti-gp330 0.368 0.139
Anti-DPPIV 0.035 0.350
Anti-SSDNA 0.480 1.380
Anti-FITC UD 0.210
Anti-BSA 0.040 0.170
The eluate (diluted 1:2) and the corresponding serum pool (diluted
1:25) were tested by ELISA against the different antigens. Results are
expressed as OD values. Abbreviation UD is undetectable.
concerned, high optical densities were found against type IV
collagen and laminin, and to a lesser degree against gp330. A
clear signal against SS-DNA was also observed. Only trace
amount of anti-BSA and no detectable anti-FITC activities were
present in the eluate (Table 2).
The eluate and corresponding serum samples were also tested
by indirect IF on normal mouse kidney. An intense nuclear
staining was observed after incubation of serum samples, while
the renal structures remained negative. In contrast, the eluate
gave a positive staining of mesangium and of some capillary
walls in a linear pattern, but only faint staining of the nuclei
(Fig. 7).
F] donor B cells stimulated by host T cells are involved in
the production of nephritogenic antibodies
First, we confirmed our previous IF findings using a biotiny-
lated anti-A/J allotype monoclonal antibody [17]. The glomeru-
lar staining illustrated in Figure 8 indicated that donor B cells
participate in the production of the immunoglobulins deposited
in the kidneys. To determine the specificity of the nephritogenic
antibodies produced by donor B cells we looked for the
A GBM
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Table 3. Detection of anti-laminin antibodies bearing donor allotype
Mice
Antibody activities against
Laminin BSA
HVG 0.182 <0.05
BALBIc controls <0.05 <0.05
A pooi of serum samples from 6- to 8-week-old mice (8 animals per
group) were diluted 1:2 and tested by ELISA against laminin or BSA.
Bound antibodies were revealed by anti-A/i allotype monoclonal anti-
body and results were expressed as O.D.
EC
d0
0.15
0.10
0.05
0.00
Fig. 9. In vitro production of spec{fic IgG antibodies by whole spleen
cells. Open column, pool of spleen cells from 5 control mice; closed
column, pool of spleen cells from 5 HVG mice treated in vitro with
complement alone; hatched column, pool of spleen cells from 5 HVG
mice depleted of (A/i x BALB/c)Fl donor cells by in vitro treatment
with antiH2Kk monoclonal antibody and complement. Supernatants
collected after 48 hours of culture were pooled, concentrated and
assayed in triplicate by ELISA for antibody activities against renal
antigens.
Fig. 8. Immunofluorescence showing deposition of donor-type (AIJ)
immunoglobu/ins in the kidney of HVG mice (x400).
presence of anti-laminin antibodies bearing A/J type allotypic
determinants in a pool of sera from chimeric HVG mice.
Although the anti-allotypic monoclonal antibody used recog-
nizes an allotope which is not expressed on IgGl antibodies,
anti-laminin antibodies bearing A/i allotype were detected in
this experiment (Table 3).
We then analyzed the involvement of donor B cells in the in
vitro secretion of nephritogenic antibodies by spleen cells of
HVG mice. As shown in Figure 9, cultured spleen cells from
HVG mice produced significant amounts of anti-GBM, anti-
laminin, anti-RTE, and to a lesser extent anti-BSA antibodies as
compared with spleen cells of control BALB/c mice. The nearly
complete abrogation of these increased antibody activities after
lysis of donor cells by antiH2Kk antibodies suggests that
donor B cells were indeed responsible for the secretion of the
vast majority of nephritogenic antibodies (Fig. 9).
Finally, the role of host T cells in the stimulation of the
production of nephritogenic antibodies by donor B cells was
analyzed in MLC experiments in which donor-type B cells from
naive (A/i x BALB/c)Fl mice were cocultured with purified T
cells from either HVG mice or hybrid Fl control mice. As
shown in Figure 10, T cells from syngeneic control (A/i x
BALBIc)Fl mice do not significantly increase the background
Ig production of (A/i X BALB/c)Fl B cells. In sharp contrast,
T cells from HVG mice potently stimulated Fl donor B cells to
secrete anti-GBM, anti-laminin, anti-type IV collagen, anti-
RTE, anti-DPPIV and anti-gp330 antibodies, but not anti-BSA
antibodies.
To ascertain that the small number of host B cells present in
the T cell preparations were not involved in the production of
GBM Laminin RTE BSA
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Fig. 10. Production of nephritogenic antibodies in mixed lymphocyte
culture (MLC). B cells from normal (A/J x BALB/c)Fl mice (BFI)
were cultured with T cells from either 4-week-old HVG mice (closed
column) or from control Fl hybrids (hatched column), or in absence of
T cells (open column). After 5 days, supernatants were collected and
assayed by ELISA for anti-GBM, anti-laminin, anti-type IV collagen,
anti-RTE, anti-gp330, anti-DPPIV and anti-BSA 1gM antibodies. The
bars indicate the SD of OD values obtained with MLC supernatants.
<0.01 as compared with MLC performed with syngeneic Fl T cells.
anti-laminin antibodies in MLC, two types of control experi-
ments were performed. First, the T cell preparations were
cultured alone in the presence of bacterial LPS (50 gIml),
which would reveal the amounts of antibodies that the contam-
inating B cells were able to produce under polyclonal activa-
tion. Second, MLC were prepared with mitomycin-C treated B
cells as stimulators. We previously verified that such mitomy-
cm-C treated B cells efficiently activate alloreactive T cells in
vitro [10]. No ELISA signal was observed in the assay for
anti-laminin antibodies under those experimental conditions,
which established that donor-type B cells were indeed entirely
responsible for the production of anti-laminin antibodies in
vitro.
Taken together, these data indicate that the host-versus-graft
reaction between host T cells and donor B cells results in the
production of nephritogenic antibodies.
Discussion
Neonatal inoculation of Fl semi-allogeneic spleen cells in
newborn mice results in various immunopathological syn-
dromes associated with distinct renal lesions. First, Hard et al
and Lewis et a! described in RFM/(T6 x RFM)Fl and in
C3H/(C3H x T6)F1 chimeras a fatal acute host-versus-graft
reaction characterized by hemolytic anemia, thrombocytope-
nia, intestinal hemorrhages and massive lymphosplenomegaly
[18, 19]. In this strain combination, chimeras developed renal
glomerular disease characterized by granular deposits of immu-
noglobulins along capillary walls, wire loop lesions and occa-
sional crescents and, ultrastructurally, subepithelial and suben-
dothelial electron-dense deposits. Secondly, a chronic
autoimmune syndrome resembling human systemic lupus
erythematosus was reported in BALB/c mice neonatally in-
jected with either (C57BL/6 x BALB/c)Fl or (AIJ x BALB/
c)Fl spleen cells [4]. In these animals, immunoglobulin deposits
were found in the choroid plexus, at the dermoepidermal
junction as well as in the glomeruli.
In the present study, we found that the glomerular lesions in
BALB/c mice injected at birth with I x 108 (A/J x BALB/c)F1
hybrid spleen cells are characterized by two phases. First,
during the first six weeks, IgG antibodies bound in a predomi-
nant linear arrangement along the capillary walls. Secondly,
after six weeks, the IF had changed to a more granular pattern.
At this stage, immuno-EM revealed The persistence of IgG
molecules throughout the GBM with a preferential accumula-
tion in the electron dense deposits. Such continuous transition
from a linear to a granular IF pattern is reminiscent of other
models of glomerulopathy associated with PBA such as murine
graft-versus-host (GVH) disease [20, 21], mercuric chloride-
induced glomerulopathy in rats [22, 23] and trypanosomiasis
[24]. Different mechanisms may be involved in this change of
distribution [25], such as (a) rearrangement and condensation of
bound antibodies and corresponding antigens, and (b) the
deposition of anti-GBM antibodies followed by binding of
antibodies directed against antigens present on the podocyte
membrane (DPPIV and gp330). Indeed, HVG mice were found
to produce antibodies directed against various components of
the GBM as well as against renal tubular epithelial antigens. In
the two phases of the disease, sera were found by ELISA to
react with collagenase-digested rat GBM, and more specifically,
with laminin and type IV collagen. Although the injection of
heterologous anti-laminin and anti-type IV collagen in mice has
been shown to induce the formation of linear deposits along the
capillary wall, these antibodies did not induce proteinuria [26].
In the present model, both anti-laminin and anti-type IV colla-
gen were detected by ELISA in Igs eluted from glomeruli.
These antibodies could play a predominent role in the linear
phase of the HVG disease and could be responsible for the
glomerular staining observed by indirect IF with the kidney
eluate. This technique does not allow rearrangement of immune
complexes, which probably explains the predominant linear and
mesangial IF pattern observed when eluted antibodies were
incubated on normal mouse kidney sections. Antibodies against
RTE could also be involved since they were detected in serum
as early as two weeks after induction of the disease. Heterolo-
gous anti-RTE antibodies injected in rats are able to produce
granular deposits of Igs along the glomerular capillary walls and
to induce proteinuria [14]. To characterize more accurately the
antigens recognized by anti-RTE antibodies, we tested the
activity of serum samples and eluates against purified gp9O, the
enzyme dipeptidyl peptidase type IV [27], and gp330, the
antigenic target of Heymann nephritis in the rats [28]. Both
antibody specificities were detected in the circulation, but only
anti-gp330 antibodies were found in significant amounts in the
eluate. This finding is difficult to interprete because gp330 has
been reported not to be expressed in the normal mouse glomer-
ulus [29]. However, anti-gp330 autoantibodies have already
been detected in BALB/c mice with a trypanosomia infection
[30]. One might speculate that neo-expression of gp330 mole-
cules in mouse kidney does occur in certain pathological
situations under the influence of unknown factors.
Donor B cells were involved in the production of the nephri-
togenic antibodies as established by the presence of donor
allotype on anti-laminin antibodies. In vitro experiments sug-
gest that donor B cells were the main source of these antibodies
0.4
0.3
0.2
E
c.'JC)
o
0.1
0.0
GBM Laminin Collagen ATE gp 330 DPP IV BSA
lv
860 Florquin et a!: Renal immunopathology in HVG disease
since the hyperproduction of anti-laminin antibodies by spleen
cells of HVG mice was completely abolished after lysis of donor
cells. These data are consistent with the observations made by
Luzuy et al in HVG disease induced by injection of spleen cells
from Igh congenic mice [8]. It was clearly established in this
model that all anti-SSDNA and anti-hapten antibodies were
produced by Fl donor B cells.
Coculture experiments with T cells from HVG mice and
normal B cells further indicated that the secretion of nephrito-
genic antibodies by donor B cells was induced by host T cells.
Previous experiments have established that the T cells which
stimulate PBA of donor B cells preferentially secrete IL-4 and
therefore belong to the TH2 subset [10, 11]. The predominance
in the immune deposits of the IgG1 subclass, an IL-4 dependent
isotype [31], as well as the detection of anti-laminin, anti-type
IV collagen and anti-gp330 antibodies in the MLC supernatants
is compatible with the hypothesis that the glomerular pathology
of HVG disease is directly linked to the PBA of donor B cells
induced by host T cells.
The model described could be relevant for the pathogenesis
of certain human glomerulonephritides. From a morphological
point of view, the HVG glomerulopathy shares many features
with the human membranous form of lupus nephritis. Ultra-
structurally, electron dense deposits were situated on the
epithelial side of the glomerular basement membrane and also in
the mesangium with occasional fingerprint-like structures.
There is a body of evidence that T cells are involved in the PBA
found in human SLE [3] and the role of CD4+ cells in
spontaneous murine SLE has been clearly established [32, 33].
The crucial role of TH2-type T cells in HVG disease should lead
to search for a possible role of such cells in SLE as well as in the
different glomerulonephritides associated with PBA.
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